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M A N F R E D  S C H M I D 15, A X E L  R IT T E R 15, S A M U E L  A F F O L T E R 25

Interlaboratory test on polymers: determination of oxidation 
induction time and oxidation induction temperature 
by differential scanning calorimetry

S u m m a r y  —  The results o f the oxidation induction  tim e (OIT) tests indicate  
that the determ ination  o f OIT involves a h igh  degree o f uncertainty in respect 
o f the m easu red  data, particularly for lo w  OIT values. This w o u ld  seem  to 
sh o w  that OIT m easurem ents h ave an extrem ely critical significance for qu a
lity control pu rposes or lifetim e predictions o f po lyo lefin  parts. D eterm in in g  
oxidation  induction  tem perature (OIT*) cou ld  therefore be a valu ab le alterna
tive for less stabilized polyolefin s (low  OIT values) in particular. H ow ever, 
OIT* m easu rem ent clearly indicates that the ability to distin gu ish  betw een  
different sam p les decreases drastically as OIT* data increase. G enerally, the 
evaluated data can be u sed to estim ate the results o f in -h ou se  and external 
OIT/OIT* m easurem ents and their com patibility. This report sh ou ld  therefore  
su p p ort d a y -to -d a y  w ork  in analytical laboratories w here oxidation  induction  
valu es are m easu red  b y  D SC .
K e y  w o rd s : interlaboratory test, polyeth ylen e, oxidation  induction  tim e, oxi
dation induction  tem perature, statistical valu ation  o f m easu rem ents, differen
tial scanning calorimetry.

In this w o rk  the results o f interlaboratory tests on  
oxidation  indu ction  tim e (OIT) and  oxidation  induction  
tem perature (O IT  ), organized  b y  E M P A , St. G allen , are 
p resen ted . E M P A  St. G a llen  organ izes these tests on  
p olym eric  m aterials every tw o  years. The participants 
are u su ally  industrial laboratories and laboratories at in
stitutes that test, research and  d ev elop  polym eric m ate
rials. T h e presen ted interlaboratory test took place in 
1998 and  2000. 14 participants in 1998 and 16 in 2000, 
m ain ly  from  indu stry  and research institutes, m easured  
OIT and  OIT o f four different grades o f polyeth ylen e by  
differential scan n in g calorim etry (D SC ). The m easured  
data w ere collected b y  E M P A  and analyzed  u sin g  a ro
bu st statistical m eth o d  [1]. Repeatability and reproduci
bility data w ere o f special interest.

INTERLABORATORY TESTING —
GENERAL CHARACTERIZATION

M o st im portant factors that produce deviations be
tw een in d ivid u al m easu red  results are: 

a) the operator,

lł EMPA (Swiss Federal Laboratories for Materials Testing and Re
search), Lerchenfeldstrasse 5, CH-9014 St. Gallen, Switzerland; e-mail: 
manfred.schmid@empa.ch
2) Interstaatliche Fachhochschule fiir Technik Buchs (NTB), Werden- 
bergstrasse 4, CH-9470 Buchs (SG), Switzerland.

b) the equ ipm en t and the analytical instrum ents,
c) the calibration o f the eq u ip m en t and  the instru

m ents, and
d) the environm ental effects d u rin g  the test proce

dure, i.e. influence o f tem perature, h u m id ity , light, p o l
lution and so on.

T h e factors m en tion ed  above are m ath em atically  d e 
scribed b y  calculating the m ain  characteristic interlabo
ratory results, the robust stan d ard  d e v ia tio n  o f  rep eat
a b ility  sr [factors a), b), c) and  d) are identical —  rep eat
a b ility  co n d itio n s] and the robust stan d ard  d ev ia tio n  
o f re p ro d u c ib ility  sr [factors a), b), c) and  d) are varied  
—  re p ro d u c ib ility  co n d itio n s]. T h e source and signifi
cance o f these and other statistical term s u sed  in inter
laboratory tests are defin ed in Fig. 1.

Beside the robust standard deviation s, the estim ation  
of interlaboratory tests w as also d o n e u sin g  the corre
sp o n d in g  lim its. Th ese valu es are d efin ed  as fo llow s:

—  r = R e p e a ta b ility  lim it (r =  2 .8  • sr): T h e valu e less 
than or equal to the absolute difference betw een  tw o  test 
results obtained un der repeatability conditions m a y  be  
expected to be w ithin  a probability o f 95 % .

—  R = R e p ro d u c ib ility  lim it  (R = 2 .8  • S r ) :  The valu e  
less than or equal to the absolute difference betw een  tw o  
test results obtained u n der rep roducibility  conditions  
m a y  be expected to be w ith in  a probability o f 95 % .

Finally, the ratio R/r is a m easu re o f the quality o f the 
m easu rem ent perform ance o f the participants and the
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Fig. 1. Correlation between statistical terms (sr, siand s r )
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interlaboratory test itself. For "g o o d "  and reliable inter
laboratory tests the ratio sh ou ld  be w ith in  a range of 
abou t 2— 3. If R/r >  4 it has to be a ssu m ed , that besides  
the above m en tion ed  param eters a)— d) other param e
ters influence the results significantly. In this case the 
standard d eviation  o f reproducibility (s r ) is alm ost en
tirely controlled b y  a m ajor contribution outside the d e 
fined interlaboratory test conditions.

OXIDATION INDUCTION TIME AND OXIDATION 
INDUCTION TEMPERATURE

A ccord in g  to specific applications, plastic m aterials 
h ave to be stabilized  to a greater or lesser extent against 
o x id a tio n  a n d  e n v ir o n m e n ta l in flu e n c e s . A  s im p le  
m eth o d  to check the efficiency o f the stabilizers or stabi
lizin g  system s u sed , is to determ ine the oxidation  in d u c
tion tim e or oxidation  indu ction  tem perature o f the m o l
ten m aterial.

E sp ecia lly  for p o ly o le fin s , OIT a n d /o r  OIT* m e a 
su rem en ts are w e ll estab lish ed  for q u a lity  con trol p u r
p o ses as a q u ick  screen in g  m e th o d  to check the acti
v ity  o f the u se d  stab iliza tio n  sy ste m . T h e OIT m e a 
su rem en t is m o s t  p o p u la r  in this case. M a n y  p u b lic a 
tions d ea l w ith  this q u e stio n  [2]. T h e  effects o f  d iffe 
rent p aram eters on  the precision  o f the results h av e  
b een  in v estig a ted  in d eta il [3, 4] as w e ll as the d eriv a 
tion  o f lifetim e p red iction  for p o ly o le fin  tubes [5]. In
flu en cin g  param eters w h ich  has to be m e n tio n ed  in  
this co n n ection  are: sa m p le  w e ig h t, im p u rities (cata- 
lytical effect), sa m p le  su rface and  sh a p e , flu sh in g  gas  
a n d  flu x , h ea tin g  rate (OIT ) an d  isoth erm al tem p era 
tu re  (OIT). To m in im iz e  th ese  e ffe cts  the test p r o 
g ra m m e  w a s accu rately  p rescribed  for a ll the partici
p a tin g  lab oratories.

Principle of measurement

In this presen tation , not o n ly  the w ell-estab lish ed  
and pop u lar OIT m easu rem en t is d iscu ssed , b u t the d y 
nam ic OIT m easu rem en t is introduced as w ell. E spe
cially for OIT m easu rem ent a fe w  standards are avail
able (Table 1). The sequence o f a stan dardized  OIT m e a 
surem ent u sin g  D S C  m eth o d  according to E N  728 is ou t
lined in Fig. 2. A  sa m p le  o f the p o ly m er (approxim ately  
15 m g ) is placed in a clean a lu m in u m  pan. A fter p osi-

Time, min

Fig. 2. Schematic diagram of the determination of OIT as the 
period between tj (onset of oxygen flow) and t2 (onset of de
composition); explanation —  see text

tion in g  the u n co v ered  sa m p le  p an  togeth er w ith  an  
em p ty  reference pan  in a calibrated D S C -o v e n , a nitro
gen  atm osp h ere is establish ed  in  the m easu rin g  cell. 
Then, the sam p le  and the reference are heated rap id ly  (at 
least = 20 K /m i n )  to the tem perature at w hich  the OIT 
valu e is to be d eterm in ed . W h e n  the required tem pera-
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ture is reached for the first tim e, an isotherm al step o f 3 
m in utes fo llow s. A fter reaching this poin t (indicated as 
t\ in Fig. 2) the atm osphere is sw itch ed  to oxy g en  and the 
D S C -o v e n  is h e ld  at the sa m e  tem p eratu re until an  
exotherm al sign al (oxidation) can be recognized . The on 
set o f this oxidation  signal corresponds to a tim e ti- The  
ОГГ v a lu e  can n o w  be determ in ed as the tim e betw een tj 
and f2 , described in Fig. 2.

T a b l e  1. Actual Standards for O I T  determination

Standard Title

EN 728 (1997)
"Plastics piping and ducting systems — Poly

olefin pipes and fittings — Determination of 
oxidation induction time"

ISO/CD 11357-6.3 
(1999)

"Plastics —  Differential Scanning Calorimetry 
(DSC) — Part 6: Oxidation Induction Time"

ASTM D 3895 
(1995)

'Test Method for Oxidation Induction Time of 
Polyolefins by Differential Scanning 
Calorimetry"

Frequently h ow ever, the oxidation  sign al is less ex 
pressed than indicated in Fig. 2 , m a k in g  the determ ina
tion o f a clearly  d efin ed  onset tem perature difficult. 
Finding a suitable m easu rin g  tem perature for the iso
therm al p h ase often causes further difficulties w ith OIT 
m easu rem ents. If the tem perature is too lo w  there is a 
substantial increase in the duration  o f the m easu rem ent  
and if the tem perature is too h igh  oxidation  takes place  
im m ed ia tely  after the introduction o f oxygen. The onset 
tem p eratu re  o f the d ec o m p o sitio n  sign al (f2 ) can  n o  
lon ger be determ in ed.

T a b l e  2. Comparison of the two oxidation induction measuring 
principles

Features
Measuring principle

OIT OIT*

Standardized yes no (except in Finland)

Measuring method static dynamic

Preliminary tests
yes (evaluation of 

capable measuring 
temperature)

no

Gas change yes (possible source 
of error) no

Onset of oxidation 
signal

partially difficult to 
recognize and to 
analyze

mostly expressed 
very well and clear 
analyzable

T h e oxidation  induction  tem perature (OIT*) is evalu 
ated in accordance w ith  Fig. 3.

The sam p le  is heated up continuously  (i.e. 10 ° C /m in )  
un der a pure o x y g en  (or air) gas flow. A  change o f gases

oxygen

onset temperature of decomposition (explanation —  see text)

at a defined tim e, as stated un der OIT m easurem ent, is 
not necessary. OIT is determ ined as that poin t in the ther- 
m o g ra m m , the onset o f the d ecom position  signal results. 
OIT is u sually  m ore clearly expressed as the onset tim e t2 

in OIT m easurem ents fa  is necessary for the determ ina
tion o f the OIT values).

Finally, to g iv e  an overview , the key points o f both  
m eth od s (determ ination o f OIT versus O IT ) are su m m a 
rized in Table 2. C om p arin g  the points in Table 2 it is 
ob viou s, that the OIT m eth od  needs less effort in setting  
u p  the m easu rem en ts and  in the m ajority  o f cases it 
gives clear defin ed onset points.

Samples

Four com m ercial grades o f p o lyeth ylen e w ith differ
ent levels o f stabilization w ere chosen as test m aterials 
for the OIT/ OIT test (see Table 3 for exact description o f  
the m aterials). T h e m aterials w ere selected in such a w ay, 
that a board range o f OIT valu es, suitable to industrial 
applications, w a s covered (OIT valu es betw een  so m e  
m inutes and m ore than one hour).

T a b l e  3. Materials used in the interlaboratory test

Sample Material Producer Type/visual
characterization

Sample 1 PE-HD BASF AG Lupolen4261 A/white 
powder

Sample 2 PE-LD BASF AG Lupolen 1852 H schw. 
412/black granules

Sample 3 PE-HD DOW Plastics BG 10050/black granules
Sample 4 PE-HD Hoechst Hostalen CRP 100/bIack 

granules

Results of oxidation induction time (OIT)

T h e interlaboratory test data o f the OIT valu es are 
su m m arized  in Table 4. From  the data in Table 4 , it is 
possible to establish that the repeatability and  reproduci-
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bility o f the OIT valu es d ep en d  on the order o f m a g n i
tu de o f the m e d ia n  valu es o f the sam ples. The low er the 
ОГГ m e d ia n  v a lu e s , th e g reater the re la tiv e  v a lu e s  
(sr relative, s r  relative) o f the standard deviations. This 
correlation b ecom es clearer if the data o f the actual ring  
test are com p ared  w ith  data from  other interlaboratory  
tests (see Table 5).

T a b l e  4. O I T  median values, standard deviations (sr, sr), rela
tive standard deviations (sr relative, sr relative), repeatability and 
reproducibility limits (г, R) of the four PE ring test materials

Value, unit
Sample 1 
(PE-HD)

Sample 2 
(PE-LD)

Sample 3 
(PE-HD)

Sample 4 
(PE-HD)

OIT median 
value, min 3.4 18.9 36.9 62.4

sr, min 0.6 1.2 2.1 1.7
Sr relative % 17.8 6.1 5.8 2.7
sr, min 2.1 2.0 6.5 9.5
sr relative ’, % 62.1 10.8 17.6 15.3
r, min 1.7 3.2 5.9 4.8
R, min 6.0 5.7 18.2 26.6
R/r 3.5 1.8 3.1 5.5

’ sr, sr relative (%) = (sr or sr - 100 7o)/median value.

T a b l e  5. Comparison of s, relative and sr relative3’ of O I T  data 
from own (EMPA) and foreign interlaboratory tests (described in 
the mentioned standards)

Data from own 
and foreign 

interlaboratory 
tests

Mate
rial

Number
of

partici
pants

Interlaboratory test key data

OIT
median
value
min

Sr
relative

%

SR
relative

%

EMPA 1998b) PE-HD 14 3.4 15.4 64.7
OKI 2000c) PE-HD 13 3.7 33.7 62.2
OKI 2000е’ PE-HD 12 9.3 11.8 64.1
EMPA 1998b) PE-LD 14 18.9 6.9 11.1
ASTM D 3895d) PE-LD 11 23.4 13.2 20.1
ISO/CD 11357-6“’ PE-LD __c) 24.0 11.7 17.9
EMPA 2000w PE-HD 16 36.9 5.8 17.6
EMPA 2000b) PE-HD 16 62.4 2.7 15.3
ASTM D 3895d> PE-LD и 79.9 11.4 18.9
ISO/CD 11357-6“’ PE-LD __e) 83.4 11.0 20.9
ASTM D 3895d) PE-LLD и 119 6.6 14.0
ISO/CD 11357-6e) PE-LLD _J!) 120 6.5 12.2
ISO/CD 11357-6“’ PE-HD _ u> 163 5.1 13.3
ASTM D 3895d’ PE-HD 11 166 4.9 14.5

Sr and sr relative —  see Table 4.
Interlaboratory test performed by EMPA in 1998 and 2000; evalu

ation of data with robust statistics.
c> Interlaboratory test performed by the Austrian Plastics Institute; 
evaluation of data according ISO 5725-2 with consideration of outliers.

Interlaboratory test performed by ASTM in 1991; evaluation of data 
with ASTM E 691.
L> Not specified regarding evaluation method and number of partici
pants.

d)

seen for the relative reproducibility  stan dard  deviation  
( s r  relative) in particular. E ven a border line w ithin  the 
range o f 10 to 20 m in  seem s to be present, b e lo w  w hich  
the Sr valu es rise significantly (relative reproducibility  
standard deviations greater than 60 % !) . Evaluations of 
OIT v a lu e s  o f  the sa m p le s  w ith  v e ry  lo w  stab ilizer  
am o u n t (OIT low er than 15 m in) m u st therefore be re
garded as critical. O n e  possibility  to im p rov e  the preci
sion  o f OIT in that case cou ld  be to low er the isotherm al 
tem perature in order to increase f2 to a tim e region above  
20  m inutes.

Results of oxidation induction temperature (OIT )

T h e key data o f the interlaboratory test obtained from  
the evaluation  o f the OIT valu es are su m m arized  in Ta
ble 6. The standard deviations o f the tem perature values  
in Table 6 seem  to be reasonable becau se they h ave a 
sim ilar order o f m a g n itu d e  as those fo u n d  in other inter
laboratory tests, w here tem perature w ere evaluated by  
m ean s o f D S C  m easu rem ents [6, 7]. In the case o f tem 
perature m easu rem ents, it is quite clear that calculated  
relative valu es (sr relative and sr relative) stron gly  d e 
pen d  o n  the tem perature scale u sed . For instance, if ab
solute tem peratures (K elvin  scale) are u sed  in our inter
laboratory tests, the relative standard deviation  w o u ld  
b ecom e sm aller. A n oth er proposal cou ld  be to defin e the 
m eltin g point o f every m aterial as the zero poin t o f the 
respective OIT m easu rem ent. In this case the relative

T a b l e  6. O I T  median values, standard deviations (s„ sr), rela
tive standard deviations (sr relative, sr relative), repeatability and 
reproducibility limits (r, R )  of the four PE interlaboratory test ma
terials

Value, unit Sample 1 
(PE-HD)

Sample 2 
(PE-LD)

Sample 3 
(PE-HD)

Sample 4 
(PE-HD)

O IT * median value, °C 217 242 248 254
s r (repeatability), ° C 2.4 0.7 0.9 1.5
Sr relative ’, % 1.1 0.3 0.4 0.6
sr (reproducibility), °C 
sr relative ’, %

4.0 2.2 2.8 4.1
1.8 0.9 1.2 1.6u0к 6.7 1.9 2.5 4.2

иОas 11.1 6.1 7.8 11.5
R/r 1.7 3.2 3.1

___________ 1
2.7

’ sr and sr relative —  see Table 4.

standard deviations w o u ld  increase substantially. In our 
interlaboratory test, w e  d ecid ed  to u se tem peratures cor
respondin g to the centigrade scale, because it is quite  
co m m o n  in D S C  m easu rem ents. Therefore, all further 
discu ssion s an d  co m p arison s o f relative tem perature  
data refer to °C .

From  the data in Table 5 , is it possib le to see, as a 
tendency, w h a t influence the OIT m ed ia n  values exert on  
the sr and s r  results. The low er the OIT valu e, the greater 
the relative standard d eviation  becom es. This cou ld  be

Comparison of OIT  and OIT  data

Table 7 su m m arizes the m ed ia n  valu es, standard de
viations (sr, s r )  and relative standard deviation s (sr rela-
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T a b l e  7. O I T  and OJT median values, standard deviations (sr, sr) and relative standard deviations (s, relative ’, sr relative ’) of the four 
PE interlaboratory test samples

Sample Method Median values Sr sr relative *, % SR SR relative ’, %

Sample 1 (PE-HD) OIT 3.0 min 0.5 min 15.4 2.2 min 64.8
OIT* 217 °C 2.4 °C 1.1 4.0 °C 1.8

Sample 2 (PE-LD) OIT 18.9 min 1.2 min 6.2 2.1 min 11.0
OIT* 242 °C 0.7 °C 0.3 2.2 °C 0.9

Sample 3 (PE-HD) OIT 36.9 min 2.1 min 5.8 6.5 min 17.6
OIT* 248 °C 0.9 °C 0.4 2.8 °C 1.1

Sample 4 (PE-HD)
OIT 62.4 min 1.7 min 2.7 9.5 min 15.3
OIT* 254 °C 1.5 °C 0.6 4.1 °C 1.6

* Sr and sr relative — see Table 4.

five, sr relative) o f the four PE sam p les and tw o  oxid a 
tion indu ction  m e th o d s. By com p arin g sr relative and s r  

relative valu es o f OIT and OIT data it can be seen that 
the d y n a m ic m easu rem en t (O IT ) is related to signifi
can tly  sm a lle r  relative  stan d a rd  d ev ia tio n s than the  
static OIT m e th o d . It is true for both cases, i.e. the repeat
ability standard deviation  and  reproducibility standard  
deviation . This cou ld  lead to the interpretation, that OIT 
m easu rem ents are a lw ays m ore reproducible than OIT 
tests and  sh o u ld  be preferred. A d d ition ally , also the set 
u p  o f OIT m easu rem en ts is even  easier.

H o w e v e r  if on e  com pares the absolute valu es, then it 
is noticeable that for OIT m easurem ents the differenti
ability  b etw een  in d iv id u a l sa m p les decreases sign ifi
cantly w ith  rising tem perature. This correlation is sh ow n  
clearly in Fig. 4. T h e four PE interlaboratory tests sa m 
ples are plotted  here as OIT/ OIT diagram  w ith the m e -

OIT*. "C
Fig. 4. X, Y-pair of OIT/OIT values (symbol ♦ )  of the four PE 
ring test samples with the corresponding reproducibility 
standard deviations (s r )  as uncertainty bars (further explana
tion —  see text)

dian  valu es as x, у valu es and the reproducibility stan
dard d eviation s (s r ) as uncertainty bars. It can be clearly  
seen that d u e to the exponential character o f the oxida
tive d ecom p ositio n  o f plastics w ith  respect to tem pera
ture (dotted  line in Fig. 4 ), OIT valu es ab ove approx. 
240  °C  lead to a cu m u lative  accum ulation  o f the m ea
sured OIT valu es. Th is finally leads to an overlap  o f the 
error bars concerning abscissa (overlappin g region in

Fig. 4). T h u s, the differentiation b etw een  sa m p les no 
longer exists in the case o f the OIT valu es despite very  
sm all relative standard d eviation s (e.g. sa m p le  3 and  
sam p le 4 m a y  give  the sam e OIT result a lth ough  they  
contain a different a m o u n t o f oxidation  stabilizers). In 
contrast to that, it is possible to distin gu ish  the sam ples  
b y  w a y  o f the OIT valu es (ordinate axis) despite high  
relative standard deviations.

Finally the R/r-ratio for both  m easu rem ents (OIT and  
OIT ) for a lm ost all sam p les is close to the required and  
expected range o f 2— 3 (single valu es o f R/r tabulated in 
Table 4  and Table 6). The m easu rin g  perform ance o f all 
participants seem s to be rather g o o d  and  the reproduci
bility lim it R is not influenced b y  u n k n o w n  and u n con 
trollable factors.

CONCLUSIONS

The present report indicates w h a t repeatability and  
rep ro d u cib ility  stan d ard  d ev ia tio n s an d  w h a t corre
sp o n d in g  lim its m u st be taken into account w h en  oxid a 
tion induction  tim e or tem perature m easu rem ents are 
perform ed u sin g  D S C  m eth od . A t  a glan ce, the report 
sh ou ld  therefore provid e su p p ort for d a y -to -d a y  w ork  in 
analytical laboratories w here OIT data are m easured.

T h e data from  this OIT interlaboratory test d e m o n 
strate that the determ ination  o f the oxidation  induction  
tim e sh ow s a substantial variation in the m easu red  va 
lues, particularly for very  lo w  OIT valu es. H ere, on ly  a 
reduction  o f the tem perature o f the isotherm al phase  
(T < 2 1 0  °C ) or a reduction  o f the o x y g en  content in the 
m easu rin g cham ber cou ld  increase the differentiability  
o f sim ilar sam ples. The high  valu es o f repeatability and  
reproducibility standard deviations also sh o w  that the 
significance o f OIT m easu rem en ts, e.g. w ith  regard to 
quality control or lifetim e predictions o f p o lyo lefin  parts, 
is to be view ed  rather critically.

P articu larly  for v ery  lo w  OIT v a lu e s  (p o lyo le fin s  
w ith lo w  stabilizers concentration) the d y n a m ic  proce
du re o f the determ in ation  o f the oxid ation  induction  
tem perature seem s to be a g o o d  alternative. But, the OIT 
data also sh o w  clearly that differentiation betw een  indi
v id u al sam ples decreases rap id ly  w h en  OIT valu es in
crease.
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